Introduction
Polycyclic Aromatic Hydrocarbons (PAHs) comprise a large and heterogeneous group of organic contaminants that are formed either naturally or due to anthropogenic activities. Last few years, PAHs are compounds of intense public concern due to their thermodynamic stability of benzene moiety and potentially deleterious effects on human, environment and ecological health. The cleanup of such type of pollutant using innate metabolic capability of bacteria is a promising approach for bioremediation of recalcitrant compound [1, 2] . Microbial degradation can be increased by manipulating nutritional requirements. A number of factors that influences the PAHs degradation by bacteria and amongst them, components of the growth are an important factor to improve the degradation rate of PAHs. The "one factor at time approach'' is time consuming and expensive and does not reflect the combined effect of all variables involved. Moreover, it requires a large number of experiments for the determining or screening of components. Use of statistical model for the screening of The tubes were incubated for 10 min at room temperature for soil particles to settle down. From this 1mL supernatant was added to 50 mL NA and BH media in 250 mL Erlenmeyer flasks, amended with 50 mg/ L of each PAHs as Naphthalene (Nap), Phenanthrene (Phe), Anthracene (Ant), Fluoranthene (Flt), Pyrene (Pyr) and Chrysene(Chr), with final concentration ΣPAHs of 300 mg/ L. The flasks were kept on an environmental shaker (Excella E24R, New Brunswick, USA) at 150 rpm at an ambient temperature. After seven days of enrichment, 100 µL samples from the flask was spread onto different selective media such as actinomycetes isolation agar, R 2 A agar, Lowenstein Jensen (LJ) agar, humic acidvitamin agar (HV agar), Pseudomonas isolation agar, Nagel and Andreesen's agar and Bushnell and Hass agar media.
Identification of the most efficient PAH degrading isolate
Molecular identification of potent PAHs degrading isolate was carried out using partial 16SrRNA sequencing and the obtained sequence was analyzed using BLAST from NCBI server. The sequences of neighbor strains were downloaded and aligned through Clustal W 1.6 program at http://www.ebi.ac.uk/clustalw.
Inoculum preparation
The inoculum was prepared by transferring 0.1mL of culture into 100 mL BH containing 0.1% yeast extract in 250 mL Erlenmeyer flask and incubated at 30°C for 24h. Cells were harvested in sterile tubes by centrifugation at 10000 rpm for 10 min. Pellet obtained was resuspended in phosphate buffer to adjust optical density to 1.0 at 600 nm. 1 mL of prepared inoculum was added in experimental runs.
Optimization for anthracene degradation
Screening of components of Bushnell-Haas (BH) medium using Plackett-Burman (PB) design: The first step in optimization study was to identify medium components that have significant effect on anthracene degradation. PB design is a useful tool to identify the most affecting factor from the large number of independent variables. Placket-Burman design allows the evaluation of N-1 variable by N number of experiments (where N is multiple of four). Each row and columns contain equal number of positive (N + 1/2) and negative (N -1/2) signs. As a preliminary optimization experiment, BH medium components as MgSO 4 , CaCl 2 , KH 2 PO 4 , K 2 HPO 4 , NH 4 NO 3 and FeCl 3 have been evaluated based on the PB Design. Total six variables were tested at two different levels represented as high concentration (+1) and low concentration (-1). Variable which showed 95% confidence level was selected for further optimization by CCD. Table 1 shows independent variables and their high and low values used in the experimental design matrix. Each row represents a trial and column represents independent variable. The effect of variable was determined by the following equation.
Where, Y is the response (anthracene degradation), β 0 is the model intercept, β 1 is the linear coefficient and Xi is the level of independent variable [4] .
In the present study, six assigned variables were screened in twelve experimental designs. Anthracene degradation by S. yanoikuyae strain ANT3D was estimated on 3 rd day. The variables that had significant main effect on the response were considered for further full factorial RSM study.
Extraction and estimation of residual anthracene
For estimating residual anthracene, equal volume of DCM was added to the BH medium and sonicated for 5 min thrice with one minute of rest. Solvent phase was collected and the same procedure was repeated twice. Aqueous phase was removed by Na 2 SO 4 and the collected solvent was pooled. Solvent phase was reduced using rotary vacuum evaporator (Büchi R215, Switzerland). After evaporation of solvent, solid white crystals were redissolved in known amount of DCM prior to analysis by GC-MS as suggested by [8] [9] [10] .
Results and Discussion

Isolation and Identification
A total 33 different isolates (designated as RR 1 to RR 33) were selected on the basis of their morphological characteristics. These isolates were further screened for the utilization of multiple PAHs. Out of 33 isolates, isolates RR-6 had been considered as most potent multiple PAHs degrading isolate based on liquid culture experiment (data was not shown) studies. The isolate RR 6 was identified using 16S rDNA sequencing (Genei Pvt. Ltd., Bangalore, India). rRNA sequencing and BLASTN analysis of 16S rRNA gene sequence (1,347 bp) of strain RR 6 showed maximum sequence similarity (100%) with Sphingobium yanoikuyae. The sequence has been deposited in NCBI with accession number KP276679. The strain was designated with S. yanoikuyae strain ANT3D. Figure 1 shows the phylogenetic tree of S. yanoikuyae strain ANT3D with closely related bacterial species.
Screening of media components using PlackettBurman design
Two level fractional factorial PB design was executed using statistical software Minitab Version 16, that screens k variable in k+1 experimental runs. Moreover the design is orthogonal in nature and so gives information about the pure effect of each variable. It does not give an idea about interaction between the variables [4] . All six constituents of BH medium (MgSO 4 , CaCl 2 , KH 2 PO 4 , K 2 HPO 4 , NH 4 NO 3 and FeCl 3 ) were studied for their effect on anthracene degradation by S .yanoikuyae strain ANT3D. Experiments were performed as per combinations of the factors shown in Table 1 . Table 2 represents the fallouts of PB design experiment with the main effects, standard error and p values calculated of each component for anthracene degradation. The components were screened at the confidence level of 95 % on the basis of their effects. If the component showed significance at or above 95% confidence level and its effect was negative, it indicated that the component was effective in anthracene degradation but the amount required was lower than the indicated as low (-) in PB design experiment. If the effect was positive, a higher significant effects at 99.95 %, 99.90 % and 97.85 % confidence level respectively. These three significant variables had positive main effect on anthracene degradation (Table 2) indicating that anthracene degradation can be enhanced if these variables are manipulated.The results obtained by ANOVA (Table 3) revealed that the main effects of the factors in the model term were highly significant (p = 0.003). By putting each component at different levels in each combination, anthracene degradation achieved was 47.18 % ( Table 1 and Run No. 10) on 3 rd day. The above data of PB design clearly indicates that the model is highly significant. Hence, based on the data obtained from PB design, KH 2 PO 4 , CaCl 2 and K 2 HPO 4 were chosen for further optimization study by using CCD of RSM.
The similar kind of experiment was carried out [11] for the screening of medium component for the optimization of phenol degradation by Alcaligenes faecalis. Statistical model for the screening of medium components by Plackett-Burman design for lactic acid production by Lactobacillus sp. KCP01 [4] . PlackettBurman design to evaluate medium components for lipase production by Rizopus arrhizus MTCC2233 was demonstrated [12] .
Conclusion
The statistical design of experiments offers efficient methodology to identify the significant variables. The most significant factors identified by Plackett-Burman design were KH 2 PO 4 , CaCl 2 and K 2 HPO 4 . These significant factors identified were considered for the next stage in the medium optimization technique using response surface methodology. concentration than the indicated high value (+) was required during further optimization studies [4] . The components KH 2 PO 4 , CaCl 2 and K 2 HPO 4 showed significant main effects on anthracene degradation at 95 % confidence level, having p value 0.001,0.002 and 0.043 respectively ( Table 2 ).
The confidence level of components MgSO 4 , NH 4 NO 3 and FeCl 3 were below 95% for degradation of anthracene and hence were considerved insignificant. Table 2 shows that MgSO 4 , NH 4 NO 3 and FeCl 3 were insignificant with p value 0.101, 0.121 and 0.134 respectively, indicating that the proportions of these three components in the medium were not at appropriate levels to achieve maximum anthracene degradation. Hence, they were not considered for subsequent RSM analysis. So, further manipulation in the selection of levels for insignificant components of BH medium can increase the efficiency of anthracene degradation with the same kind of statistical design.
The normal chart of standardized effect illustrates the order of significance of the variables i.e. KH 2 PO 4 , CaCl 2 , K 2 HPO 4, MgSO 4 , NH 4 NO 3 and FeCl 3 , affecting anthracene degradation (Figure 2) . Out of the six variables examined, KH 2 PO 4 , CaCl 2 and K 2 HPO 4 had 
